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Flooding on Flat Street in
Brattleboro, 2011
(Photo: Kevin O’Connor)

Flood Proofing Buildings

FEMA
* Guidelines for Federal Insurance

« Local zoning overlay district
« Plan review by ANR

Fluvial Erosion Hazard District
* ANR stream map
» Model local zoning ordinance
* No flood proofing
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FEMA Inundation Regulations
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WO YEAR FLOOD PLAIN —-—-————-'|
: —FLOODWAY — -

FAINGE . S
) : _. STREAM .

- FLOGD ELEVATION WHEN
CONFINED WITHIN FLOGDWAY

ENCROACHMENT

AREA OF FLOOD PLAIN THAT COULD FLOOD ELEVATION
BE USED FOR DEVELOPMENT BY BEFORE ENCROACHMENT
AAISING GROUND . o Oft FLOOD PLAIN

LINE & - B IS THE FLOOD ELEVATION BEFORE ENCROACHMENT
LINE C - D I8 THE FLOOD ELEVATION AFTER ENCROACHMENT

Flood Boundaries
* Floodway
100 yr Floodway Fringe

« 500 yr Flood Plain

Zoning Overlay District
Base Flood Elevation (100 yr)

Federal Projects
Executive Order 11988 (500yr)



Flood Proof Design

Marlna Restaurant

- Elevate First Fl to 1 Ft above BFE

 Residential only option

Wet Flood Proofing Basement
« Allow inundation
e Flood Vents
« Flood resistant materials

a0 » Mechanical & Electrical
ety « Flotation
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New England Youth Theater

Flood Proof Design

Dry Flood Proofing

Protect the structure to 1 ft above BFE
and keep water out.
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Flood Proof Design

Dry Flood
Proofing

F,y= RESULTANT LATERAL FORCE
DUE TO HYDROSTATIC PRESSURE

Py= HYDROSTATIC PRESSURE AT H

Hydrostatic
Forces

¥, = SPECIFIC WEIGHT OF WATER

R
A /

'FIGURe C-1.  Hydrostatic Force Diagram
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Flood Proof Design

Dry Flood Proofing
Hydrostatic Forces

Buoyancy Force
Flood Duration
Seepage rate
Slab Dead load
Boat Design

A=AREA OF HORIZONTAL
FLOOR SURFACE (FT?2)

Figure C-2. Buoyancy Force Diagram
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Flood Proof Design

Dry Flood Proofing
Hydrostatic Forces
Buoyancy Force
Hydrodynamic Force

10 fps = 1.5 ft
Impact Loads
Normal = 1000 lbs
Special = 100 Ibs/ft
Extreme = KYAG
Wind
Soil Loads

Grafton Town Garage
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Flood Proof Design

Dry Flood Proofing
Perimeter wall
o Flood gates
—— Water Tight Concrete
Flood Wall
Elevate Toilets
Floor Drain check valve
Elevate Mech. & Elec.

Standby Generator
Fuel Tank anchorage
Operation plan
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New England Youth Theater
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New England Youth Theater

B OCT 14-23 THE CHILDRENS HOUR
== N@V 4 13 JAMES & THE GIAIIT PEACH

-
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New England Youth Theater

new 6" reinforced concrete slab— new 11" reinforced concrete slab——

2"type-IX EPS

existing 5" concrete slab —/

New Concrete Slab Over Existing Slab New 11" Thick Concrete Slab No Floor Drains

[ GREENBERG, ASSOCIATES ARCHITECTS
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Substantial Damage/Improvement

; Vo * Market Value
S ND [ Cost of Work <50%
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Market Value (Building Only)

o Assessed Value
« Appraised Value
 Actual Cost Value

Melrose Terrace, West Brattleboro, during Hurricane Irene
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Cost of Work (3 Years)

Excludes clean-up

Excludes site work

Excludes some code-required work
Market value for donations/premiums
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Historic Building Flood Proofing

National Flood Insurance Program (NFIP)
Floodplain Management Bulletin

Historic Structures

FEMA P-467-2

May 2008

Exception for Historic Structures

Subsidized Flood Insurance through NFIP
(1) Exclusion from substantial improvement
(2) Variance
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Historic Building Flood Proofing
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FEMA Variance
R ..the proposed repair will not pr_e:clude the
rebuilding structure from continued designation and is

the minimum necessary...”

S &iA STEVENS &

SOCIATES PC.

SMART DESIGN ror LIVABLE COMMUNITIES



References

FEMA Technical Bulletin 7-93, “Flood Proofing Non-
Residential Buildings.”

ASCE 24-05, “Flood-Resistant Design &
Construction.”

~EMA P-75B, “Substantial Improvement/Substantial
Damage Desk Reference.”

FEMA P-467 Historic Structures
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FLOOD RESISTANT DESIGN
J Sreneeame CASE STUDIES

VENTURES P¢

* Bob Neeld, Professional Engineer
* President Engineering Ventures, PC
Burlington, VT and Lebanon, NH

* Waterbury State Office Complex 2015
e Burnham Hall, Lincoln, VT 2007



FLOOD RESISTANT DESIGN

* Waterbury State Office Complex
e Severely Damaged by Irene Flooding
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FLOOD RESISTANT DESIGN STRATEGIES
WATERBURY OFFICE COMPLEX

* Demolition of severely damaged structures

* Dry flood proofing of historic core

* New structures elevated above flood zone

e Cut and fill configured for no-rise in flood elev

* Site Resiliancy- Riparian plantings and grass
swales



ITIONS

Existing Condi

1" LOT SUBDIVISION PLAN
(FOR FEMA '404" FUNDING OF BUILDINGS

T0 BE DEMOLISHED IN FLOODPLAINS)
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PROPOSED CONDITIONS




A004 | AXONOMETRIC VIEW LOOKING SOUTHWEST -
Goopy |

April 9, 2013 il CLANCY



Fill at Historic Core

4" REINFORCED SLAB
4" RIGID INSULATION
PROJECT LEVEL 1

3.0° +/-

ELEW. 431" - EL'G

12" SAND OR FINE GRAVEL

COMPACTED GRANULAR FILL (WITH RECYCLED BRICK
AGGREGATE) OR SUITABLE RECYCLED MATERIAL

DESIGN FLOOD ELEVATION

6- 6"

ELEV. 428" - 6° $

CELLULAR COMCRETE: 45 PCF/250 PSI W/ #8 @ 120c EW, TAB

EXISTING SLAB

PROJECT GROUMD LEVEL

1

ELEV, 422" - 17 G

WB -1

1/2" =1-0"






Flood Resistant Design

e Burnham Hall, Lincoln Vermont
e 2007 Design and construction project
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Firmette Flood Map

|25 P

APPROXIMATE SCALE

200 4] 800 FEET
— — = ]

! KEY TO MAP
1 500-Year Flood Boundary —— -
T00-Vear Flood Bommdary:

Zone Dasignations™

100-Y ear Flood Boundary
S00-Year Flond Bowndary

Base Flood Elevation Ling
With Elevation In Feer®®

BURNHAM HALL SITE

Base Flood Elevation In Fart (EL EHM)

Where Unifonm Within Zone+=®

Envation Reforence Mark BM Ty

Zone O Aoundary J— -
Riwif Mile #M1S

& Referenced 1o the National Geodetic Vertical Datem of 1928

FEXPLANATION OF ZOME DESIGNATIONS

IONE EAFLANA AN
A of 10-year flood; base flood ehevatlons and
ﬂ'.md hazard I'ncmr; B0t deermingd,
Al Abeas of 100vear shallow floading wheds deptni

are batwnen one (1) and three |3] feat; average Sepths
of mundaion ane showm, But B0 Nooed hazard facwedn
e detirmaned,

AH Areas af 100year shallow flaoding whems depihe
are between one (1) and three |3) feer; base Mood
elevations are dhown, Bul o food hazard Factan
are determined,

AT-AM Areas of (00-year flood; base flond elevations and
fiaod hazard factars detemined,

ARG Areas ol 100-pear floocd to be protectad by Nead

E— protection sysem under corstruction; bas  flond

wlewations and flocd hazard factors mot determined.

B Areas between |imiis of the 108year flood and 500~

wEar fload; af certain antan subject 1o 100y foad.

with sverags dupths lews than one |1] footor where

ithe conirlbuting drainage area s hess sham one square

mille; or areas protecied by levess frem the base fload,
{Medium shading]

o Areas of minima Naoding, (Mo shading)
o Areas of pndetermined, bug posibls, Nood hazards,
W Adeii af 100-vear coutal food with velocity (wave

attion]; base flood elevations and Aood harad factom
not detemined.

VIMI0  Ares of 100-ear ceastal Nood with welaciy [wave
wction); hirm Flood dlevations and fload harand factors
H determined.




Schematic Section

16" thick concrete wall /
Kwater tight windows and doors

5 ft. flood level

!
Wet floodproof Dry floodproof
interior exterior
10°
\
sump p New Haven River |

&

pump = 20 -




Hybrid dry/wet floodproofing
(wet floodproofing with mitigation)

Slide gates for windows and doors

16" concrete walls- adequate for hydrostatic
pressure.

Evaluate water movement through soil
Pressure relief valves in floor slab

Knife Valve to close off sewer service
Sump pump to minimize infiltration depth






OHIO GRATINGS -
[DIAGONAL PUNCH

ALUMINUM PLANK W/
ADA FASTENERS
EXTEND GRATING 2" PAST & EDGE FRAME - IN-FILL CONCRETE (3000
P, DESIGN AND SUBMIT P51 CONC, 57 THICK,
FOR 150 PSF W4 @12 Ew, 1 <
COORDNATE WITH BASIN CLEAR FORM TOR.
F -$ T W N S R R | \f‘ &’9} -

EXISITNG FINISHED FL'{]OF;l
ELEV = 89'-11.375"

PER "PROPOSED LOWER
FLOOR PLAM™ DATED

 EXISTING CONCRETE FLOORING

2-26-2007. BY OWNER.

VERIFY IN FIELD.

$ HIGH WATER LEVEL ALARM
ELEV = 88'-§"

REFER TO NOTE 10.

FIBERGLASS BASIN TO BE 24" X 30"
PREMIUM SEWAGE BASIN WITH AFD,
ALUMINUM GRATING AND
ANTI-FLOATATION RING. (SUBMIT SHOP
DRAWING FOR COMPOMNENT)

WIDE ANGLE MERCLIRY

FLOAT SWITCH

PUMP
(SEE NOTE 8)

SOSIIINIINBBIIIININIRIRIRIRIRININIR

SECTION VIEW

SUMP  DETAIL

NOT TO SCALE



REPLACE REMOVED SECTIONS
OF CONCRETE FLOOR WITH
EPOXY ADHESIVE GROUT.

(SUBMIT) NSTALL SIX (6) KENNEDY VALVE STYLE

F-1493 OR APPROVED EQUAL-4"
PRESSURE RELIEF VALVE (FLOOR TYPE).

CORE EXISTING CONCRETE
TO INSTALL SIX (6) 4 7
|

PRESSURE RELIF VALVES. 12" DIAMETER (TYP, i
EXIETING: thﬂEIE SR N ’ EXISTING. ﬁGNOFEETE
oo 1 e S G
L e —ROUGHEN SURFACE (TYP)

8" LONG CAST IRON BODY : fo i NSTALL #57 STONE
MUST BE INSTALLED VERTICALLY. N ==~ =75 N 8O0 BELOW SCREEN
EXTEND IF NECESSARY WITH
€900 PVC PIPE FIELD CUT TO

DESIRED LENGTH. SAND TAMPED IN

PLACE.

PLACE LAYER OF MIRAFI 140 N
FILTER FABRIC BETWENN EXISTING
ROUND AND SAND, BETWEEN \
SAND AND STONE, AND BETWEEN ! 8 '
CONCRETE AND STONE.







FLOOD RESISTANT DESIGN
J Sreneeame CASE STUDIES

VENTURES P¢

* Bob Neeld, Professional Engineer
* President Engineering Ventures, PC
Burlington, VT and Lebanon, NH

* Waterbury State Office Complex 2015
e Burnham Hall, Lincoln, VT 2007



